We present homogeneous and accurate iron abundances for almost four dozen (47) of Galactic Cepheids using high-spectral resolution (R∼40,000) high signal-to-noise ratio (SNR ≥ 100) optical spectra collected with UVES at VLT. A significant fraction of the sample (32) is located in the inner disk (R G ≤ 6.9 kpc) and for half of them we provide new iron abundances. Current findings indicate a steady increase in iron abundance when approaching the innermost regions of the thin disk. The metallicity is super-solar and ranges from 0.2 dex for R G ∼6.5 kpc to 0.4 dex for R G ∼5.5 kpc. Moreover, we do not find evidence of correlation between iron abundance and distance from the Galactic plane. We collected similar data available in the literature and ended up with a sample of 420 Cepheids. Current data suggest that the mean metallicity and the metallicity dispersion in the four quadrants of the Galactic disk attain similar values. The first-second quadrants show a more extended metal-poor tail, while the third-fourth quadrants show a more extended metal-rich tail, but the bulk of the sample is at solar iron abundance. Finally, we found a significant difference between the iron abundance of Cepheids located close to the edge of the inner disk ([Fe/H]∼0.4) and young stars located either along the Galactic Bar or in the Nuclear Bulge ([Fe/H]∼0). Thus suggesting that the above regions have had different chemical enrichment histories. The same outcome applies to the metallicity gradient of the Galactic Bulge, since mounting empirical evidence indicates that the mean metallicity increases when moving from the outer to the inner Bulge regions.
Introduction
Classical Cepheids after the discovery that they are robust distance indicators (Leavitt & Pickering 1912) have had a widespread use in stellar astrophysics and in cosmology (Freedman & Madore 2010) . They are very popular since they can be adopted as primary distance indicators (Matsunaga et al. 2011a; Storm et al. 2011b; Freedman et al. 2012; Inno et al. 2013; Groenewegen 2013) , as fundamental physics laboratory to constrain evolutionary and pulsation properties of intermediate-mass stars (Bono et al. 2010; Pietrzyński et al. 2010; Molinaro et al. 2011; Prada Moroni et al. 2012; Matthews et al. 2012; Neilson et al. 2012 ) and as stellar tracers of young stars in the thin disk (Andrievsky et al. ⋆ Based on spectra collected with the spectrograph UVES available at the ESO Very Large Telescope (VLT), Cerro Paranal, (081.D-0928(A) PI: S. Pedicelli -082.D-0901(A) PI: S. Pedicelli) 2004; Lemasle et al. 2007 Lemasle et al. , 2008 Romaniello et al. 2008; Pedicelli et al. 2009; Luck & Lambert 2011) and in the Magellanic Clouds (Storm et al. 2011b; Groenewegen 2013; Haschke et al. 2012) .
In particular, the iron and the α-element abundance gradients across the Galactic disk are fundamental observables to constrain the chemical enrichment of disk stellar populations (Luck et al. 2006; Lemasle et al. 2008; Luck & Lambert 2011) . They also play a key role in constraining the physical assumptions adopted in chemical evolution models (Portinari & Chiosi 2000; Chiappini et al. 2001; Cescutti et al. 2007 ). The most recent theoretical and empirical investigations brought forward three relevant open issues:
Stellar tracers-Empirical evidence indicates that different stellar tracers do provide different slopes.
Metallicity gradients based on Cepheids provide slopes of the order of −0.05 dex kpc −1 (Caputo et al. 2001; Andrievsky et al. 2002b; Luck et al. 2003; Kovtyukh et al. 2005; Luck et al. 2006; Yong et al. 2006; Lemasle et al. 2007 Lemasle et al. , 2008 . More recently, Pedicelli et al. (2009) using iron abundances for 265 classical Cepheids -based either on high-resolution spectra or on photometric metallicity indices-and Galactocentric distances ranging from R G ∼5 to R G ∼17 kpc found an iron gradient of −0.051 ± 0.004 dex kpc −1 . By using an even larger sample of more than 400 classical Cepheids, Luck & Lambert (2011) found a gradient of −0.062 ± 0.002 dex kpc −1 . A similar gradient was also found by Friel et al. (2002) by using a sample of 39 open clusters located between the solar circle and R G ∼ 14 kpc, namely −0.06 dex kpc −1 . On the other hand, Carraro et al. (2007) , by using new metallicities for five old open clusters located in the outer disk (12≤ R G ≤21 kpc) and the sample adopted by Friel et al. (2002) , found a shallower iron gradient: −0.018 dex kpc −1 . The slope of the metallicity gradient based on oxygen abundances of HII regions -with Galactocentric distances ranging from 5 to 15 kpc-is similar to the slope based on Cepheids (−0.04 dex kpc −1 , Deharveng et al. 2000) . The difference between the different tracers might be due to the age difference between the different tracers (young vs intermediate-age).
Linear slope-By using a sample of 76 open clusters with distances ranging from 6 to 15 kpc, it was suggested by Twarog et al. (1997) that a proper fit to the metallicity distribution does require two zones. The inner disk for Galactocentric distances ranging from 6 to 10 kpc and the outer disk for distances larger than 10 kpc. This hypothesis was supported by Caputo et al. (2001) , Luck et al. (2003) , and Andrievsky et al. (2004) . More recently, Pedicelli et al. (2009) found for the two zones a slope of −0.130 ± 0.015 dex kpc −1 for the inner disk (R G < 8 kpc) and a slope of −0.042 ± 0.004 dex kpc −1 for the outer disk.
Local inhomogeneities-There is evidence of abundance inhomogeneities across the Galactic quadrants. Pedicelli et al. (2009) found that the iron abundance of the two Cepheid overdensities located in the first and in the third quadrant covers the same metallicity range of the global gradient (see also Luck et al. 2006; Lemasle et al. 2007; .
Azimuthal dependence-In a recent investigation concerning the chemical enrichment of the thin disk based on 398 Cepheids, Luck & Lambert (2011) did not find evidence of azimuthal dependence. Davies et al. (2009b) suggested that the increase in metallicity in region located between the solar circle and the inner disk might be due to an azimuthal dependence.
The above open issues rely on sizable samples of Galactic classical Cepheids, but they are partially hampered by the fact that abundances based on high-resolution spectra are far from being homogeneous. To overcome these thorny problems, we collected a large sample of high spectral-resolution (R∼38,000) spectra with UVES at VLT for 77 classical Cepheids mainly located in the third and fourth quadrant of the Galactic disk.
Spectroscopic data and iron abundances
We acquired high-resolution (R∼38,000) spectra with the UVES spectrograph available at the Nasmyth B focus of UT2/VLT 8m telescope (Fig. 1) . The spectra were collected at random pulsational phases between 2008 October and 2009 April using the DIC2 (437+760) configuration with blue and red arms operating in parallel. The two arms cover the wavelength intervals ∼3750-5000 Å and ∼5650-7600/7660-9460 Å (two chips in the red arm).
The complete spectroscopic sample includes 84 spectra for a total of 77 Cepheids. They were collected with exposure times ranging from 80 to 2000 sec, while the seeing ranges from 0.6 to 2 arcsec with a mean value of 1.2 arcsec. The quality of the spectra is very good, and indeed the signal-to-noise-ratio (SNR) is typically better than ∼100 for all the echelle orders. The spectra were reduced using the ESO UVES dedicated pipeline REFLEX v2.1 (Ballester et al. 2011) . In this investigation we focus our attention on a sub-sample -47 out of the 77 targets-a more detailed description of the data reduction will be discussed in a forthcoming paper. We implemented a semi-automatic procedure to determine the continuum and to fit with a Gaussian the single line profile. The blended lines were fit with the sum of two Gaussians. We adopted the iron linelist provided by Romaniello et al. (2008) and typically we measured the equivalent width (EW) of ∼250 Fe I and ∼40 Fe II lines. Some of these lines are heavily blended in our spectra and to overcome thorny problems in the estimate of the mean iron abundance, they were neglected in the estimate of the abundance. For the spectra lacking of useful Fe II (i.e. with EWs smaller than ∼150 Å) we also measured the Fe II lines listed in Pedicelli et al. (2010) . The final number of adopted lines is ∼230 for Fe I and ∼55 for Fe II, respectively (see Table 1 ).
We updated the atomic data (oscillator strength and excitation potential) of the lines according to the values available in VALD (Vienna Atomic Lines Database 1 , Kupka et al. 2000) . Iron abundances were estimated using MARCS atmospheric models (Gustafsson et al. 2008 ). Once we estimated the atmospheric parameters and provided a preliminary estimate of the metallicity, we performed an interpolation over a grid of LTE, plane-parallel models by using the dedicated code for abundance determination, fitline, developed by one of the co-authors (P. François). For each spectrum we computed the curves of growth, for both neutral and ionized iron together with the plots showing [Fe I/H] vs excitation potential and [Fe I/H] vs EWs. The process is iterated until a good match between predicted and observed equivalent widths and metallicity is approached.
The effective temperature -T eff -for individual spectra was independently estimated by using the line depth ratios (LDRs) method (Kovtyukh & Gorlova 2000) . Typically, we measured two dozen LDRs per spectrum. The surface gravity -log g-is derived by imposing the ionization balance between Fe I and Fe II. The individual micro-turbulent velocities -v t -were estimated by minimizing the [Fe I/H]/EW slope, together with a visual inspection of the curves of growth.
The maximum EW value included in the metallicity determination varies according to the metallicity itself and on the atmospheric parameters of the star. For a significant fraction of our spectra we were able to use only relatively weak lines (EW < 120 mÅ) located along the linear part of the curve of growth. In a few cases the spectra were lacking of a significant number of weak lines (less than two Fe II lines), therefore, we included in the analysis also lines with EW ≤ 180 mÅ. The latters cause a mild increase in the uncertainties affecting the atmospheric parameters.
The mean iron abundances given in Table 2 Grevesse et al. (1996) , i.e. A(Fe) ⊙ = 7.50.
Photometric data and distance estimates
To provide a homogeneous sample of Galactocentric distances (R G ), we adopted near infrared (NIR) photometric data together with the reddening-free Period-Wesenheit relations in J, H, K s bands provided by Inno et al. (2013) . We estimated individual distances for a significant fraction of Galactic Cepheids (Genovali et al. 2013, in preparation) . The NIR photometric catalogs we adopted are the following:
SAAO sample-The bulk of this data set comes from Laney & Stoble 1992. The individual measurements provide an accurate coverage of the light curve and the typical accuracy of mean J, H, K s magnitudes is at the millimag level. This data set was complemented with new NIR measurements (Laney 2013, private communication) and includes objects with either complete or partial coverage of the light curve. For the latter group the number of phase points along the light curve ranges from four to 14. Their mean magnitudes were estimated using a spline. The SAAO NIR magnitudes were transformed into the 2MASS photometric system using the transformations provided by Koen et al. (2007) .
Monson & Pierce sample-In a recent investigation Monson & Pierce (2011) published accurate NIR magnitudes for 131 northern hemisphere Cepheids. Their NIR mean magnitudes were transformed into the 2MASS photometric system using the transformations provided by the same authors. The measurements properly cover the entire pulsation cycle and their typical accuracy is better than 0.01 mag.
2MASS sample-The above samples were complemented with 2MASS single-epoch observations (Skrutskie et al. 2006) . The mean NIR magnitude of fundamental (FU) Cepheids were estimated by using single-epoch photometry and the light-curve template provided by Soszyński et al. (2005) . The pulsation properties required to apply the template (epoch of maximum, optical amplitudes, periods) come from General Catalog of Variable Stars (GCVS 2 ; Samus et al. 2009 ). The error on the mean NIR magnitudes was estimated as σ
where σ phot is the intrinsic photometric error -typically of the order of 0.03 mag for the Cepheids in the current sample-and σ temp =0.03 mag is the uncertainty associated with the intrinsic scatter of the template 3 . For the objects in common in the three different samples, we adopted among them the most accurate. The individual distances were estimated as weighted mean of the three different distances obtained by adopting the NIR (H,J-H; K,J-K; K,H-K) PeriodWesenheit (PW) relations provided by Inno et al. (2013) . The individual distance moduli are listed in column 7 of Table 2 with their uncertainties. The Galactocentric distances listed in column 8 of Table 2 were estimated assuming a solar Galactocentric distance of 7.94±0.37±0.26 kpc (Groenewegen et al. 2008; Matsunaga et al. 2013 , and references therein). The final error on R G accounts for errors affecting both the solar Galactocentric distance and the heliocentric distances.
We compared current individual distances based on NIR PW relation with individual distances estimated using two different flavors of the IRSB method and we found that the mean difference over the entire sample ranges from 8±2% (Groenewegen 2013 , ∼130 stars in common) to 3±2% (Storm et al. 2011a , ∼80 stars in common).
The metallicity gradient
To further constrain the nature of the metallicity gradient of the Galactic disk, in Fig. 2 we plotted both new (16, red circles) and updated (31, blue circles) Cepheid iron abundances as a function of the Galactocentric distances (R G ). Together with the current sample, we also included iron abundance for Galactic Cepheids estimated by our group using the same approach and similar data (Lemasle et al. 2007 (Lemasle et al. , 2008 57, [LEM] , green circles; Romaniello et al. 2008; 16, [ROM] , yellow circles). Moreover, we also included Cepheid iron abundances available in the literature (Sziládi et al. 2007; Luck & Lambert 2011; 300, [LUCII, LUCIII] , black circles). We ended up with a sample of 420 Cepheids. The different sets of abundances were re-scaled to the same metallicity scale 4 . The current sample has two indisputable advantages: a) iron abundances are based on high-resolution spectra and they were rescaled to the same solar abundance adopted in §2; b) distance estimates are homogeneous and based on PW relations that are independent of reddening uncertainties and minimally affected by metallicity dependence (Inno et al. 2013) .
Data plotted in Fig. 2 show that the metallicity gradient shows a large intrinsic dispersion around the solar circle with the possible occurrence either of a change in the slope or of a shoulder for 7 ≤ R G ≤10 kpc (Andrievsky et al. 2004 ). This finding supports previous results based on open clusters and on Cepheids obtained by Twarog et al. (1997) and by Caputo et al. (2001) . However, a quantitative analysis of this issue does require a large sample of homogeneous and accurate iron abundance across the solar circle. The metallicity gradient also shows an increase in the intrinsic dispersion in the outer disk (R G ≥ 13 kpc, σ(Fe/H)∼0.15). This finding supports previous results by Pedicelli et al. (2009) and by . There is also a mild evidence of a flattening, but the number of outer disk Cepheids is too limited to constrain the possible occurrence of a change in the slope (Carraro et al. 2007 ). Moreover, Cepheids located in the inner disk (R G ≤ 6.9 kpc) show a well defined steepening in the gradient (Andrievsky et al. 2002a; Pedicelli et al. 2010 ) and a steady trend concerning the intrinsic dispersion (σ(Fe/H)∼0.1). It is worth mentioning that the current sample increases by 20% the number of inner disk Cepheids with spectroscopic abundances and together with the updated iron abundances we are providing homogeneous abundances for the 55% of inner disk Cepheids.
The zoom on the region located between the Galactic center and the inner disk (bottom panel of Fig. 2) shows that Cepheids located in the inner disk attain super-solar iron abundances. The trend is quite clear down to R G ∼ 5 kpc, but becomes less clear towards the edge of the inner disk. Indeed, only two Cepheids in our sample have smaller Galactocentric distances. Current findings support previous results by Andrievsky et al. (2002a) , Pedicelli et al. (2009) and by .
Although current knowledge of the innermost components of the Galactic spheroid -Nuclear Bulge, Galactic Bulge, inner disk-is quite solid (Brand & Blitz 1993; Honma & Sofue 1997; Reid et al. 2009 ), we still lack quantitative constrains on their kinematic structure and on their chemical enrichment history. In particular, current predictions suggest that a presence of a barlike structure is crucial to support the high star formation rate of the Nuclear Bulge (Yusef-Zadeh et al. 2009; Davies et al. 2009a; Matsunaga et al. 2011b) . As a matter of fact, it is the bar-like structure to drag the gas and the molecular clouds from the inner disk into the Nuclear Bulge (Athanassoula 1992; Kim et al. 2011) .
To further constrain this crucial issue we plotted in Fig. 2 the iron abundances for young stars located in the Nuclear Bulge. The red cross shows the mean iron abundance of two Luminous Blue Variables (LBVs) in the Quintuplet cluster provided by Najarro et al. (2009) . The green triangle shows the mean iron abundance of a dozen nitrogen Wolf-Rayet stars (WNLh) in the Arches cluster provided by Martins et al. (2008) , while the green square marks the iron abundance of two field red supergiants (RSGs) of the Nuclear Bulge provided by Davies et al. (2009a) . The main outcome of these investigations is that the typical iron abundance of both cluster and field young stellar tracers is solar. This empirical evidence is further supported by recent spectroscopic measurements provided by Davies et al. (2009b) for two Scutum RGS clusters (14 and 12 stars) located at the near end of the Galactic Bar (see magenta diamonds in Fig. 2 ). They found that both of them have sub-solar iron abundance (-0.2--0.3 dex).
The above findings indicate that the iron abundance of stellar tracers located along the Galactic Bar and in the Nuclear Bulge are more metal-poor than classical Cepheids in the inner disk. This appears as a solid evidence, since the difference in age among the different tracers is minimal, i.e. from a few Myr to a few tens of Myrs. Thus suggesting that the mechanism(s) feeding of gas the Bar and the Nuclear Bulge might be more complex than currently assumed.
It has also been suggested that the Nuclear Bulge could have been formed by the Galactic Bulge (Morris & Serabyn 1996; Davies et al. 2009a,b) . To further constrain this fundamental issue, we plotted in Fig. 2 • ). By using high-resolution spectra for a large sample of field Red Giant and Red Clump stars (521), Zoccali et al. (2003 Zoccali et al. ( , 2008 and Hill et al. (2011) found that the metallicity distribution of Galactic Bulge stars shows a broad main peak [Fe/H]≈-0.15 and a large spread in metallicity with iron abundances ranging (1σ variation) from metal-rich ([Fe/H]∼-0.55) to super solar ([Fe/H]∼+0.25, see the vertical solid gray line in Fig. 2) . The same outcome applies to the sample of 383 RC and RG stars measured by Uttenthaler et al. (2012) , with iron abundances ranging (1σ variation) from [Fe/H]∼-0.85 to ∼0.17 (see the vertical dashed gray line in Fig. 2) . Unfortunately, we lack detailed information concerning the Galactocentric distances of the above Bulge fields, however, plain geometrical arguments concerning their Galactic coordinate indicate that, on average, the metallicity gradient is steadily increasing when moving from the outer to the inner edge of the Galactic Bulge ). This appears a solid finding, since they adopted old and intermediate-age stellar tracers, i.e. the typical stellar populations of the Galactic Bulge.
Once again, the metallicity distributions in the inner disk, in the Galactic Bulge, in the Nuclear Bulge and in the Galactic Bar display different trends. Plain leading arguments based on the extrapolation of the inner disk metallicity gradient would imply super-solar iron abundances approaching the Galactic Center (Davies et al. 2009a ). This discrepancy was already noted in the literature and Cunha et al. (2007) suggested that the slope of the metallicity gradient should become shallower for Galactocentric distances smaller than 5 kpc. On the other hand, current findings indicate that young stellar tracers attain super-solar iron abundances approaching the inner edge of the thin disk.
To further constrain the metallicity distribution across the thin disk we also investigated the distribution of Galactic Cepheids onto the Galactic plane. The right panel of Fig. 3 shows the same objects plotted in Fig. 2 , but the symbol size scales with the iron abundance (see labelled values). Current Cepheid sample (47) allowed us to improve the spatial sampling in the third and in the fourth quadrant. We now have roughly one hundred Cepheids per quadrant and their mean metallicities and metallicity dispersions attain similar values. There is evidence of an increase in the mean metallicity when moving from the first-second to the third-fourth quadrants, but the difference is on average smaller than 0.2 dex. To provide more quantitative constraints on the recent chemical enrichment history across the thin disk, we estimated the metallicity distribution of the four quadrants. Data plotted in the right panel of Fig. 3 show both the histograms (black line) and the smoothed distributions (red dotted line) of the iron abundances. The latter was estimated by running a Gaussian kernel with a mean σ of 0.1 dex. The adopted σ accounts for errors on individual abundances and for uncertainties among different samples. The mean and the σ of the Gaussian fit of the smoothed distributions are labelled. Data plotted in the right panel show, once again, that the difference is on average smaller than 0.2 dex, moreover, the σ attain very similar values.
The above findings indicate that the chemical enrichment across the Galactic disk has been quite homogeneous during the last ≈100 Myr. There is evidence of a more extended metal-poor tail in the first-second quadrant and a more metal-rich tail in the third-fourth quadrant, but the bulk of the sample is at solar iron abundance. There is a mild evidence that the metallicity distribution is probably approaching a plateau toward the shortest Galactocentric distances (R G ≤ 5.5 kpc, [Fe/H]≈0.4). However, this preliminary evidence is hampered by the limited number of Cepheids located close to the edge of the inner disk and by the lack of firm empirical estimates of the transition between the disk and the Bulge.
In their recent investigation concerning the metallicity distribution of the Galactic Bar and of the Nuclear Bulge, Davies et al. (2009b) suggested that the increase in the mean metal abundance of inner disk Cepheids might be due to azimuthal variations. To constrain a possible change in the azimuthal direction, Fig. 4 shows the distance from the Galactic plane of entire Cepheid sample versus Galactocentric radius. Note that the Cepheid distribution shows a shift compared with the Galactic plane similar to the shift originally found by Kraft & Schmidt (1964) and by Fernie (1995) , i.e. ∆Z = −43 ± 13 pc (420 stars). It is worth mentioning that the distribution of azimuthal distances remain roughly constant up to ten kpc. At larger Galactocentric distances the dispersion increases and shows a well defined departure for R G larger than 13 kpc. To constrain a possible metallicity dependence, we split the sample in three sub-samples according to the metallicity and we found that the difference in azimuthal distance among them is smaller than 1σ.
Conclusions and final remarks
We performed accurate measurements of iron abundances for 47 Galactic Cepheids using high-resolution, high SNR spectra collected with UVES at VLT. The new sample includes 32 out of the 58 classical Cepheids located in the inner disk (R G ≤ 6.9 kpc) for which are available accurate iron abundances.
We found that the metallicity distribution of the inner disk Cepheids is super-solar, and ranges from ∼ 0.2 dex (R G ≈ 6.5 kpc) to ∼ 0.4 dex (R G ≈ 5.5 kpc). Current finding supports previous results (Pedicelli et al. 2009; Luck & Lambert 2011) concerning a steady increase in metallicity when approaching the innermost disk regions. The new sample allowed us to double the number of Cepheids in the third and in the fourth quadrants when compared with Pedicelli et al. (2009) . We found that the difference in the mean metallicity is smaller than 0.2 dex and the metallicity dispersion attain quite similar values in the four quadrants. The metallicity appears to approach a plateau value close to the edge of the inner disk, but this evidence is hampered by the limited number of known Cepheids with R G 5 kpc. In this context, it is worth mentioning that the current sample includes at least the 80% of the known classical Cepheids located in the inner disk (62+7 candidates, Genovali et al. 2013, in preparation) .
Moreover, we do not find evidence of an azimuthal variation in the Cepheid metallicity distribution. This finding supports previous results by Luck & Lambert (2011) . The Cepheids close to the edge of the inner disk (R G ≈ 4 kpc) are significantly more metal-rich than young stellar tracers located along the Galactic Bar and in the Nuclear Bulge. The difference is of the order of 0.5 dex, since Cepheids attain iron abundances of 0.4-0.5 dex while LBVs and red supergiants have either solar or sub-solar metallicities. This evidence indicates that young stars at the inner edge and at the Galactic Bar/Nuclear Bulge formed from material far from being homogeneous concerning the chemical enrichment.
Theoretical (Athanassoula 1992; Friedli & Benz 1995) and empirical (Zaritsky et al. 1994; Allard et al. 2006; Zánmar Sánchez et al. 2008) investigations indicate that the abundance gradient in barred galaxies is shallower than in unbarred galaxies. The typical explanation for this trend is that the bar is dragging gas from the inner disk into the Nuclear Bulge (Kim et al. 2011) . The pileup of the new fresh material triggers an ongoing star formation activity till the dynamical stability of the bar. However, there is mounting evidence that in our galaxy the formation and evolution of the above components might have been more complex (Ness et al. 2012 ). This evidence is further supported by the fact that we are using either massive or intermediate-mass stars (Supergiants, LBVs, Cepheids) and their evolutionary lifetime is typically shorter than 100 Myr. This indicates that the bar might not be the main culprit in shaping the metallicity gradient between the inner disk and the Nuclear Bulge/Galactic Bar. Indeed, recent numerical simulations suggest that the timescale within which the radial motion of the gas smooths the actual abundance gradient is of the order of a few hundred Myrs (Merlin & Chiosi 2007) . In this timescale part of the azimuthal variations observed across the Galactic disk might be caused by changes in the abundance patterns between the spiral arms and the inter-arm regions (Kim et al. 2011) and by the clumpiness of the star formation episodes. However, the kinematics of the above stellar tracers is quite limited, since they evolve in situ. This working hypothesis is supported by the minimal dependence of the metallicity distribution from the azimuthal distance.
The hypothesis suggested by Davies et al. (2009a) that the wind of metal-intermediate bulge stars might mix with metalrich gas present along the Bar and the Nuclear Bulge to produce a chemical mixture close to solar appears also very promising. However, recent spectroscopic investigations support the evidence of a metallicity distribution that is steadily increasing when moving from the outer to the inner edge of the Galactic Bulge (Zoccali et al. 2008; Uttenthaler et al. 2012) . Moreover, we still lack firm empirical evidence on how the winds of bulge stars might fall into the Nuclear Bulge.
Finally, it is worth mentioning that the infall of metal-poor gas in the Nuclear Bulge appears an even more plausible channel to explain current abundance patterns (Wakker et al. 1999; Lubowich et al. 2000) . This is the so-called biased infall scenario (Chiappini et al. 1999) in which the infall of gas takes place more rapidly in the innermost than in the outermost regions (inside-out disk formation).
The abundance pattern of α-elements is even more puzzling, since accurate measurements indicate solar abundances, and therefore consistent with typical thin disk stars (Davies et al. 2009b ). However, different tracers (B-type stars, red supergiants, classical Cepheids, HII regions) do provide slightly different mean values, suggesting a broad distribution (Davies et al. 2009a , and references therein).
A more quantitative understanding of the above phenomena is important not only to trace the chemical enrichment of the innermost Galaxy regions, but also for its impact on the formation and the evolution of classical bulges and pseudobulges (Kormendy & Kennicutt 2004; Kormendy et al. 2009; Matsunaga et al. 2011b; Freeman et al. 2013 ). This is the sixth paper in a series focussed on the spectroscopic abundances of Galactic Cepheids and together with similar investigations available in the literature we are approaching a complete spectroscopic census of known Galactic Cepheids. However, the current sample is severely affected by an observational bias both in the inner and in the outer disk direction. The new ground-based optical (Large Synoptic Survey Telescope, Chang et al. 2013 ) and NIR (IRSF/SIRIUS, Nishiyama 2005) photometric surveys together with Gaia will fill this gap. I(λλ5930.17, 5934.66, 5952.73, 5956.7, 5975.35, 5976.78, 5983.69, 5984.79, 5987.05, 5997.78 Å) and Fe II (λλ5932.06 and 5991.37 Å) lines included in our abundance analysis (see Table 1 and Romaniello et al. 2008) . (Samus et al. 2009 ) are candidate classical Cepheids were plotted with open circles. The vertical gray bars located at arbitrary Galactocentric distances -R G ∼ 2 kpc-show the mean (±1σ) iron abundance for Galactic Bulge stars: the solid line is located at the mean metallicity of the sample provided by Zoccali et al. (2008) ; the dashed lines are located at the mean values (±1σ) found by Uttenthaler et al. (2012) . The range in metallicity is 1σ. The green square marks the iron abundance of the two red supergiants in the Galactic center measured by (Davies et al. 2009a) , while the magenta diamonds the 26 red supergiants in the Scutum Cluster measured by (Davies et al. 2009b ), the red cross the two luminous blue variables (LBVs) in the Quintuplet cluster (Najarro et al. 2009 ) and the light-blue triangle three Wolf-Rayet and two O-type stars in the Arches cluster (Martins et al. 2008 ). Bottom-Same as the the top, but for Galactocentric distances smaller than the solar circle (R G ≤ 7.5 kpc). The bars on individual Cepheids display the uncertainty on both iron abundance and distance. The vertical black bar on the bottom right corner shows the mean uncertainty on Luck & Lambert (2011) and Romaniello et al. (2008) iron abundances. The gray vertical lines are the same of the top panel; the filled circles on the solid line display the mean iron abundance of the bulge fields located at b=-4
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